Temperate coliphages were recovered from sewage, mammalian feces, and lysogenic strains of Escherichia coli. A total of 32 phages of independent origin were divided into six groups by applying the criteria of host range, antigenic homology, and the ultraviolet inducibility of the prophage. The demonstration of genetic interactions in some cases has confirmed the classification scheme. Nine phages were assigned to the P2 family and 19 to the lambda family. The remaining four isolates may represent some novel phylogenetic types. Phages recovered from the lysogenic strains of E. coli were all found to be P2 related, whereas a majority of the phages recovered as cell-free plaque-forming units were assignable to the lambda family. It is proposed that the biological attributes of the phages belonging to the two principal families are reflected in the distribution patterns observed. The virions of phage HK256 show multiple tail fibers and may thus represent a "new" virion form among the temperate coliphages.
Temperate coliphages were recovered from sewage, mammalian feces, and lysogenic strains of Escherichia coli. A total of 32 phages of independent origin were divided into six groups by applying the criteria of host range, antigenic homology, and the ultraviolet inducibility of the prophage. The demonstration of genetic interactions in some cases has confirmed the classification scheme. Nine phages were assigned to the P2 family and 19 to the lambda family. The remaining four isolates may represent some novel phylogenetic types. Phages recovered from the lysogenic strains of E. coli were all found to be P2 related, whereas a majority of the phages recovered as cell-free plaque-forming units were assignable to the lambda family. It is proposed that the biological attributes of the phages belonging to the two principal families are reflected in the distribution patterns observed. The virions of phage HK256 show multiple tail fibers and may thus represent a "new" virion form among the temperate coliphages.
We have been interested in various aspects of the natural history of coliphages in general and the temperate coliphages in particular. In earlier communications it was shown that the temperate coliphages comprise a very small proportion of the total plaque-forming units (PFU) found in natural habitats (5, 6, 8) . Over a period of time, we have accumulated a sizable number of temperate phages isolated from diverse habitats. In this communication we have attempted a classification of these phages by the criteria of host range and antigenic homology. The validity of the taxonomic groups has been established in some instances by genetic interactions between members assigned to a group. In conclusion, an attempt has been made to explain the relative abundance of certain types of phages in particular habitats.
MATERIALS AND METHODS
Media. Tryptone broth agar was used for phage assays and for the isolation of phage-resistant mutants. Bacterial dilutions were made in phosphate-saline, and bacteriophages were diluted either in tryptone broth or in phosphate-saline containing 10% tryptone broth. Composition of these media has been described previously (5, 7, 8) .
Bacterial and bacteriophage strains. Some of the more important and basic bacterial strains are described in Table 1 . Derivatives of these strains harboring the prophages, or some that were selected as phage-resistant mutants, will be mentioned in the text and are not listed in Table 1 . Table 1 also lists the standard coliphages, such as   Ti, T5, A, P2, P4, and 080 , and their mutants. The locally isolated temperate phages will be identified by the prefix HK. The origins of the HK series of phages are given in Table 2 . Methods. Methods routinely employed for phage assay, preparations of indicator cultures, "spot tests" for study of host range, and the preparation of antiphage sera have been described previously (6, 8) . Methods adopted for the isolation of clear-plaque mutants of phages, isolation of single and double lysogens, and the ultraviolet (UV) induction of lysogens have been described elsewhere (7) . A prophage was classified as UV inducible if the irradiated culture showed a 10-fold or higher titer than the control culture. The rationale and the methods for determining prophage immunity types and for the study of superinfection immunity have been described previously (5, 8) .
All tests were carried out using Escherichia coli C strain Cla and its derivatives, unless specified otherwise.
lambda-resistant bacterial mutants were selected by challenge with phage HK243r-1 (8) on MacConkey medium containing maltose. The tonA mutants were selected by challenge with phage Ti or T5 or HK022 vir, and the tonB mutants were selected for simultaneous resistance to phage TI and colicin B (10) .
Identification of P4 helper phage. Phage P4 can grow only on bacteria lysogenic for P2 or a related phage (4; E. Six, Bacteriol. Proc., p. 138, 1963). Lysates of P4 were, therefore, prepared on bacterial strain CIa (P2). The frequency of P2 PFU in such lysates was l0-5 per P4 PFU. Samples of P4 lysates containing 102 to 104 PFU were plated on lysogens harboring one or the other of the locally isolated phages. Lysogens that registered the P4 plaques under these conditions were concluded to harbor a P4 helper prophage. By applying the criteria of host range and antigenic homology, 32 local isolates were classified into six groups. Table 3 shows the more important characteristics of these six groups. The three standard temperate coliphages, namely, A, P2, and 480, are also listed in Table  3 to indicate the affinities of the local isolates Tables 1 and 2 . Both these phages are insensitive to the following antisera: anti-lambda, anti-HK022, anti-HK239, anti-MU1, and anti-HK256. However, the reciprocal tests indicate that HK253 may have some antigen(s) in common with phages of group IV. Anti-HK253 serum when tested with phage HK253 gave a K value of 80. The same antiserum inactivated group IV phages, giving K values for HK109 (K = 26), HK239 (K = 25), P2 (K = 20), and HK111 (K = 7). Inactivation of phage Pl vir was also observed, and a K value of 7 was obtained.
Phage P4 does not form plaques on the lysogens harboring either prophage HK250 or HK253. This property and their inducibility by UV are the principal reasons for not assigning them to group IV. UV-induced lysates and the lytic lysates of clear-plaque mutants of these two phages failed to transduce either trp or his mutants.
Group Ill. Phage HK256, which is the sole member of this group, resembles group VI phages in its host range but is unique in other respects. When plated at different temperatures, it gave an efficiency of plating (EOP) of 1.0 at 41°C, 0.6 at 37°C, and 0.1 at 32°C. In addition to its partially thermophilic nature, this phage also shows some other anomalous properties. The plaques of this phage show only slight bacterial growth. However, the cells recovered from the plaques are invariably lysogenic. Five successive single-colony isolations of the lysogens failed to yield any nonlysogenic derivatives. The lysogenic state, therefore, appears to be moderately stable. However, spontaneous curing of the lysogens has been observed in stab-cultures stored at room temperature for about 2 years. This observation suggested that the apparent instability of the prophage might be due to its existence as a plasmid (13) . An attempt was therefore made to see whether the lysogens can be cured of the prophage by acridine orange treatment. No prophage curing was observed when lysogenic cells were grown for at least eight generations in pH 7.6 broth containing 35 ,ug of acridine orange per ml.
Release of cell-free PFU by cultures of lysogenic bacteria seems to depend upon the host cell genetic background. Spontaneous release of cell-free PFU of triplicate cultures of B, C, and K lysogens was determined. E. coli C lysogens were found to contain 107 to 5 x 107 cell-free PFU per ml, whereas the density of such PFU in B and K lysogens was invariably found to be less than 2 x 102 per ml.
Both the induced lysates and the lytic lysates of the wild-type phage and of a clear-plaque mutant failed to transduce either the trp or the his genetic markers. Figure 1 shows electron micrographs of HK256. A lamboid morphology may be concluded from isometric heads and flexible tails. However, most tails can be seen to terminate in a tangled mass of more than one fibrous appendage, and in this respect, HK256 represents a novel morphological type among the temperate coliphages.
Group IV. The nine local isolates of this group can be unambiguously assigned to the P2 family of temperate coliphages. Besides the properties listed in Table 3 Group VI phages plate equally well at temperatures ranging from 32 to 41°C and are thus differentiable from group V phages in being temperature insensitive.
The 17 phages of group VI encompass at least 10 different types of prophage immunity specificities (Table 3) . Even though phages of this group bear no resemblance to phage lambda either in host range or in antigenic homology, four of the local isolates were found to be homoimmune to lambda.
The availability of well-characterized mutants of phage lambda has permitted us to confirm the homoimmune relationship of A and the four local isolates. The virulent mutant of lambda was plated on single lysogens harboring either of the prophages A, HK106, HK244, HK542, or HK544. The A vir phage plated at comparable EOPs on the five single lysogens and an isogenic nonlysogen. In another series of tests, double lysogens harboring the cI857 mutant of lambda and one or the other of the local isolates were sought at 41°C. Since single lysogens of A cI857 show the lethal phenotype at 41°C, the emergence of double lysogens harboring A cI857 and a c+ phage would show that the latter phage can furnish repressor protein molecules for the maintenance of prophage A cI857. For unknown reasons, double lysogens harboring A cI857 and HK542 or HK544 have not been obtainable. Double lysogens harboring cI857 and HK106 or HK244 were obtained, and some of their properties are described below.
Prophage HK106 is able to furnish the funcon January 27, 2018 by guest http://aem.asm.org/ Downloaded from VOL. 39, 1980 tion required for the maintenance of prophage A cI857 at 410C (Table 4) , thus confirmning the homoimmune relationship between these two phages. The double lysogen harboring prophages A cI857 and HK244 was investigated in an identical manner. Thirty colonies for each of the four different types of growth temperatures given in Table 4 were tested. No loss of either prophage was observed.
UV-induced lysates of the doubly lysogenic strains produced both parental and recombinant genotype progeny. For example, in the lysate obtained from strain A cI857(HK106), 7% of the progeny produced turbid plaques on the tonA indicator (genotype c+h'), and 2% ofthe progeny produced clear plaques on the lambda-resistant indicator (genotype cIh'").
Phage A does not form plaques on lysogenic bacteria harboring prophage HK022 (unpublished data). To determine whether the A-homoimmune local isolates were also excluded by prophage HK022, lysates of X and the four homoimmune local phages were plated on strain Cla(HK022). The EOPs of A, HK244, HK542, and HK544 were found to be less than 106, whereas that of HK106 was found to be 1.0.
Lysates of 12 of the group VI phages were prepared on B, C, and K strains, and their EOPs were determined on strains B, C, and K. All 12 phages were found to be restricted by strain B (EOP on B relative to C varied from 6 x 10-7 to 2 x 10-4), and 9 of them were also restricted by strain K (EOP on K relative to C varied from 10-4 to 8 x 10-3). Phage HK244 was found to be insensitive to the K type of restriction and could thus be distinguished from other lambda-ho- Absence of Rex' phenotype in group V and VI phages. Five different T4rII deletion mutants were tested, and all were found to plate efficiently on the K-12 lysogens harboring prophages of the local isolates assigned to groups V and VI. Thus, none of these locally isolated phages, including those that are homoimmune to lambda, showed the Rex' phenotype, which is a distinctive trait of prophage lambda.
Incidence of different phages in diverse habitats. Table 5 shows the incidence of phage groups in diverse habitats. It is clear that phages recovered from the naturally occurring lysogenic strains of E. coli are predominantly members of the P2 family (group IV). As cell-free PFU, P2-related phages have been recovered from cow dung, but they appear to be rare in human feces and in pig dung. A total of 25 of the phage isolates were obtained after chloroform treatment of the habitat samples. Of these, 17 (68%) were assignable to group VI. In the present collection, all the phages recovered from sewage and from pig dung were found to belong to group VI. Human fecal matter has yielded the greatest diversity of phages; 11 (14, 15) , and it is not illogical to conclude that, if examined, this property would also be demonstrable for phages that bear close phylogenetic relationship to lambda. Prophage P2 and related phages can convert the lysogens, rendering them ineffectual hosts for the propagation of unrelated phages (5, 11, 16) . This characteristic and the ability of P2 (and possibly other related pages) to integrate at multiple attachment sites (3) may be looked upon as adaptations to the prophage as the principal mode of propagation.
We note one characteristic of phage lambda which renders it a unique rather than a typical member of the lambda family. Over 40 lambdoid phages have been studied by us and none of them has been found to exclude the rII mutants of T4. Since the exclusion of T4rII mutants is shown by some P2-related phages (5, 9) , it is possible that P2 or a related phage may have contributed the rex gene to lambda. A similar proposal has previously been made to explain the antigenic homology of two very dissimilar phages, namely, P2 and P1 (3).
